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© X-ray computerized tomographic imaging method and imaging system capable of forming 
scanogram data from helically scanned data. 
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© In an X-ray CT (computerized tomographic) im- 
aging method, scano data is produced from X-ray 
projection image data about a helically-scanned bio- 
logical body (20) under medical examination. The X- 
ray projection image data are acquired only at a 
predetermined projection angle such as 0° during a 
helical scanning operation. Accordingly, no X-ray 
projection to acquire the scano data is required to 
reduce X-ray dose given to the biological body (20). 
The X-ray CT imaging method comprises the steps 
of: scanning a biological body (20) under medical 
examination in a helical scanning mode, while rela- 
tively rotating an X-ray tube (10) and an X-ray detec- 
tor (12) around the biological body (20) translated 



along a longitudinal axis of the biological body (20), 
to acquire X-ray projection image data about the 
helically-scanned biological body (20); selecting only 
X-ray projection image data acquired at a predeter- 
mined projection angle from the entire X-ray projec- 
tion image data obtained at the helical-scanning 
step; processing said selected X-ray projection im- 
age data to produce a scanogram (22) of said 
helically-scanned biological body (20); and recon- 
structing an X-ray CT image (21) of said helically- 
scanned biological body (20) based upon said entire 
X-ray projection image data, whereby both of said 
scanogram (22) and said X-ray CT image (21) are 
substantially simultaneously displayed. 
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Background of the Invention 



Field of the Invention 



The present invention generally relates to an X- 
ray CT (computerized tomographic) imaging meth- 
od and an X-ray CT imaging system. More specifi- 
cally, the present invention is directed to an X-ray 
CT imaging method and an imaging system ca- 
pable of producing scano data from X-ray projec- 
tion image data of a biological body acquired by 
helically scanning this biological body. 

Description of the Prior Art 



Generally speaking, to image a biological body 
under medical examination by utilizing a conven- 
tional X-ray CT system, a scano image 
(scanogram) of this biological body is first obtained 
by projecting X-ray beams to the overall portion of 
the biological body, with maintaining the X-ray 
source and detector at a fixed position. Based upon 
the scano image, positioning operation of tomo- 
graphic images is carried out to determine a de- 
sired diagnostic portion of the biological body. 
Thereafter, while the X-ray source is rotated to- 
gether with the X-ray detector around the diagnos- 
tic portion, this diagnostic portion of the biological 
body is scanned by way of the X-ray pulses to 
acquire X-ray projection image data, and then, the 
X-ray projection image data are processed to fi- 
nally obtain X-ray CT image data. When such a 
scanogram is produced, while a couch on which 
the biological body is mounted is translated along a 
longitudinal direction of this biological body, the 
normal X-ray projection is performed without rotat- 
ing the X-ray source around the biological body 
(namely, with fixing the X-ray source). Accordingly, 
the X-ray projection data are obtained and pro- 
cessed to form a scanogram 30 as represented in 
Fig. 1. 

Subsequently, in the conventional X-ray CT 
imaging system, positioning of the CT images is 
performed with respect to this scanogram 30 at 
doted positions l_i , l_2, ... L n ("n" being an integer) 
as shown in Fig. 1. Then, the couch on which the 
biological body under medical examination is once 
returned to the home position, and thereafter, is 
again translated to position the first CT imaging 
position "Li " just under the X-ray source (not 
shown) and the X-ray detector (not shown either), 
which are rotated during the X-ray scanning opera- 
tion. As a result, a series of X-ray projection data 
are acquired after the CT imaging operation at the 
final CT imaging position n L n " is accomplished. 

As previously described, the conventional X- 
ray CT imaging system necessarily requires a 
lengthy examination time duration until the desir- 



able CT images are obtained, since first the bio- 
logical body is translated so as to obtain the scano- 
gram 30, secondly this biological body is returned 
to the home position, and thirdly the biological 

5 body is again translated in order to obtain the X-ray 
CT image data. In other words, the biological body 
under medical examination such as a patient must 
endure such a lengthy and afflictive medical exami- 
nation. Moreover, there are some risks that the 

10 relative position between the X-ray source and the 
patient differs from each other during the scanog- 
ram data acquisition and the CT image data ac- 
quisition. Even if, for instance, the first CT imaging 
position "Li " is accurately determined on the 

15 scanogram 30, an actual CT imaging position on 
the patient may be positionally shifted. 

Summary of the Invention 



20 The present invention has been made in an 

attempt to solve the above-described problems of 
the conventional X-ray CT imaging system, and 
therefore, has an object to provide such X-ray CT 
imaging method/system capable of producing a 

25 scanogram within a short examination time. 

Another object of the present invention is to 
provide X-ray CT imaging method/system capable 
of obtaining a scanogram at high positional preci- 
sion with respect to CT images of a biological body 

30 under medical examination. 

To achieve the above-described objects, an X- 
ray CT (computerized tomographic) imaging meth- 
od, according to the present invention, comprises 
the steps of: 

35 scanning a biological body (20) under medical 

examination in a helical scanning mode, while rela- 
tively rotating an X-ray tube (10) and an X-ray 
detector (12) around the biological body (20) trans- 
lated along a longitudinal axis of the biological 

40 body (20), to acquire X-ray projection image data 
about the helically-scanned biological body (20); 

selecting only X-ray projection image data ac- 
quired at a predetermined projection angle from 
the entire X-ray projection image data obtained at 

45 the helical-scanning step; 

processing said selected X-ray projection im- 
age data to produce a scanogram (22) of said 
helically-scanned biological body (20); and 

reconstructing an X-ray CT image (21) of said 

50 helically-scanned biological body (20) based upon 
said entire X-ray projection image data, whereby 
both of said scanogram (22) and said X-ray CT 
image (21) are substantially simultaneously dis- 
played. 

55 Further, another X-ray CT imaging method of 

the present invention comprises the steps of: 

scanning a biological body (20) under medical 
examination in a helical scanning mode, while rela- 
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tively rotating an X-ray tube (10) and an X-ray 
detector (12) around the biological body (20) trans- 
lated along a longitudinal axis of the biological 
body (20), to acquire X-ray projection image data 
about the helically-scanned biological body (20); 

selecting only X-ray projection image data ac- 
quired at first and second projection angles from 
the entire X-ray projection image data obtained at 
the helical-scanning step; 

processing said selected X-ray projection im- 
age data to produce first and second scanograms 
(26:27) of said helically-scanned biological body 
(20); and 

reconstructing an X-ray CT image (21) of said 
helically-scanned biological body (20) based upon 
said entire X-ray projection image data, whereby 
both of said first and second scanograms (26:27) 
and said X-ray CT image (21) are substantially 
simultaneously displayed. 

Moreover, in accordance with the present in- 
vention, an X-ray CT (computerized tomographic) 
imaging method comprises the steps of: 

scanning a first portion of a biological body 
(20) under medical examination in a helical scan- 
ning mode, while relatively rotating an X-ray tube 
(10) and an X-ray detector (12) around the biologi- 
cal body (20) translated along a longitudinal axis of 
the biological body (20), to acquire first X-ray pro- 
jection image data about the helically-scanned first 
portion of the biological body (20); 

partially scanning a second portion of said bio- 
logical body (20) under medical examination by 
intermittently projecting an X-ray beam to the sec- 
ond portion of the biological body (20) from the X- 
ray tube (10), to acquire second X-ray projection 
image data about the partially-scanned second por- 
tion of the biological body (20); 

processing said second X-ray projection image 
data to produce a scanogram (22) of said partially- 
scanned second portion of the biological body (20); 
and 

reconstructing an X-ray CT image (21) of said 
helically-scanned biological body (20) based upon 
said first X-ray projection image data, whereby 
both of said scanogram (22) and said X-ray CT 
image (21) are substantially simultaneously dis- 
played. 

In addition, according to the present invention, 
an X-ray CT (computerized tomographic) imaging 
system (100:400) comprising: 

scanning means (2) including an X-ray tube 
(10) and an X-ray detector (12), for scanning a 
biological body (20) under medical examination in 
a helical scanning mode, while relatively rotating 
said X-ray tube (10) and said X-ray detector (12) 
around the biological body (20) translated along a 
longitudinal axis of the biological body (20), to 
acquire X-ray projection image data about the 



helically-scanned biological body (20); 

scano data processing means (6:90) for select- 
ing only X-ray projection image data acquired at a 
predetermined projection angle from the entire X- 
5 ray projection image data, and for processing said 
selected X-ray projection image data to produce a 
scanogram (22) of said helically-scanned biological 
body (20); 

CT image reconstructing means (7) for recon- 
w structing an X-ray CT image (21) of said helically- 
scanned biological body (20) based upon said en- 
tire X-ray projection image data; and 

display means (4) for substantially simulta- 
neously displaying both of said scanogram (22) 
75 and said X-ray CT image (21). 

Brief Description of the Drawings 



For a better understanding of the present in- 
20 vention, reference is made of the following speci- 
fication in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 schematically illustrates a scanogram 30 
produced in the conventional X-ray CT imaging 
25 method; 

Fig. 2 is a schematic block diagram for showing 
an arrangement of an X-ray CT imaging system 
100 according to a first preferred embodiment of 
the present invention; 
30 Fig. 3 schematically illustrates the helical scan- 
ning operation and the X-ray projection positions 
to obtain a scanogram by the first X-ray CT 
imaging system 100; 

Fig. 4 is a flow chart for explaining the scano 
35 data/CT image reconstruction process operation 
performed by the first X-ray CT imaging system 
100; 

Fig. 5 schematically illustrates a sinogram 25 of 
the first X-ray CT imaging system 100; 

40 Fig. 6 is a display screen for displaying both a 
scanogram 22 and a CT image 23 in the first X- 
ray CT imaging system 100; 
Fig. 7 is a schematic block diagram for repre- 
senting an arrangement of an X-ray CT imaging 

45 system 200 according to a second preferred 
embodiment of the present invention; 
Fig. 8 illustrates how to obtain a top-viewed 
scanogram and a side-viewed scanogram in the 
second X-ray CT imaging system 200; 

50 Fig. 9 is a flow chart for explaining the scano 
data/CT image reconstruction process operation 
executed by the second X-ray CT imaging sys- 
tem 200; 

Fig. 10 schematically represents the multiple 
55 image display realized in the second X-ray CT 
imaging system 200; 

Fig. 11 is a schematic block diagram for repre- 
senting an arrangement of an X-ray CT imaging 
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system 300 according to a third preferred em- 
bodiment of the present invention; 
Fig. 12A to 12C show operation timing charts of 
the third X-ray CT imaging system 300; 
Fig. 13 is a flow chart for explaining the entire 
process operation of the third X-ray CT imaging 
system 300; 

Fig. 14 schematically represents the partial X- 
ray projection mode and the circumferential X- 
ray projection mode effected in the third X-ray 
CT imaging system 300; 

Fig. 15 is a schematic block diagram for repre- 
senting an arrangement of an X-ray CT imaging 
system 400 according to a fourth preferred em- 
bodiment of the present invention; 
Fig. 16A is a flow chart for explaining the high- 
speed process operation by the fourth X-ray CT 
imaging system 400, and Fig. 16B is a flow 
chart for explaining the lowspeed process opera- 
tion by the fourth X-ray CT imaging system 400. 

Detailed Description of the Preferred Embodiments 

ARRANGEMENT OF FIRST X-RAY CT IMAGING 
SYSTEM 

In Fig. 1, there is shown an arrangement of an 
X-ray CT (computerized tomographic) imaging sys- 
tem 100 according to a first preferred embodiment 
of the present invention. 

The first X-ray CT imaging system 100 is 
mainly constructed of an X-ray scanner 2 for per- 
forming X-ray scanning operation with respect to a 
biological body under medical examination such as 
a patient 20 (shown in Fig. 3) to produce X-ray 
projection data; a data processing unit 3 for pro- 
cessing the X-ray projection data; a display unit 4 
for displaying both of a scanogram and an X-ray 
CT image; and a main controller 50. The data 
processing unit 3 includes a preprocessing unit 5 
for preprocessing the X-ray projection data derived 
from the X-ray scanner 2 to obtain preprocessed X- 
ray projection data; a scano data processing unit 6 
for processing the preprocessed X-ray projection 
data to produce scano data; an image reconstruct- 
ing unit 7 for reconstructing a desirable X-ray CT 
image from the preprocessed X-ray projection data; 
and a synthesizing unit 8 for synthesizing the 
above-described scano data and X-ray CT image 
data in such a manner that both of the scanogram 
and the CT image of the biological body are dis- 
played on the same screen of the display unit 4 
(will be discussed more in detail). 



OPERATION OF FIRST X-RAY CT IMAGING SYS- 
TEM 



It should be understood that according to the 

5 present invention, the patient 20 is helically 
scanned only one time by the X-ray scanner 2 of 
the first X-ray CT imaging system 100 so as to 
obtain both of scano data and CT image data. That 
is to say, since the X-ray projection data are ac- 

10 quired during only one helical scanning operation 
and thereafter both of the scano data and the CT 
image data are produced from this series of X-ray 
projection data, the couch (not shown in detail) on 
which the patient 20 is laid is translated only one 

15 time along a longitudinal direction thereof. 

As represented in Fig. 3, the helical scanning 
operation is performed by the X-ray scanner 2 with 
respect to the patient 20 in the first X-ray CT 
imaging system 100 of Fig. 2. For the sake of 

20 simplicity, although an X-ray detector unit 12 is 
positioned opposite to an X-ray tube 10, this detec- 
tor unit 12 is omitted from Fig. 3. The X-ray helical 
scanning operation per se is known from, for in- 
stance, U.S. patent No. 4,630,202 issued to Mori, 

25 entitled "COMPUTERIZED TOMOGRAPHIC APPA- 
RATUS UTILIZING A RADIATION SOURCE", pat- 
ented on December 16, 1986. Roughly speaking, 
while the X-ray tube 10 employed in the X-ray 
scanner 2 is rotated around the patient 20, the 

30 patient 20 (couch) is translated along a longitudinal 
direction of the patient 20, so that the relative trail 
of the X-ray tube 1 0 with respect to the patient 20 
represents a helical shape (see Fig. 3). Predeter- 
mined (same phase) positions are indicated by 

35 reference numerals 10A, 10B, ... 10N, which imply, 
for instance, 0° ,360° , ... 360° x N ("N" being 
an integer). 

Referring now to the arrangement of the first X- 
ray CT imaging system 100 shown in Fig. 2 and an 

40 operation flow of this imaging system 100 shown in 
Fig. 4, acquisition of the scano data about the 
patient 20 from the helically-scanned X-ray projec- 
tion data will be described. 

As shown in a lefthand portion of this operation 

45 flow in Fig. 4, a series of X-ray projection data 
obtained by helically scanning the patient 20 is 
continuously acquired from the X-ray scanner 2 
under control of the main controller 50. 

In a flow chart indicated in a righthand portion 

so of Fig. 4, only the helically-scanned projection data 
acquired at a preselected projection angle, for in- 
stance, 0° or 360° (corresponding to the positions 
10A, 10B, ... 10N) are read out from the above- 
described series of helically-scanned X-ray projec- 

55 tion data at a first step ST-10. At the next step ST- 
12, the read projection data acquired at the specific 
projection angle of 0° (360° ) are processed by a 
curved plane/flat plane transformation, since the X- 
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ray detector unit 12 (see Fig. 2) is constructed of a 
plurality of detector channels having curved sur- 
faces. Then, the plane-transformed projection data 
are further processed in a high-pass filter (not 
shown in detail) at a step ST-14. Subsequently, the 
filtered projection data are processed by a scaling 
process at a step ST-16. Finally, the scaling-pro- 
cessed projection data (corresponding to the scano 
data) are displayed as a scanogram 22 (see Fig. 6) 
on the display unit 4 at a step ST-18. Then, this 
flow operation is repeated from the previous step 
ST-10. 

As a consequence, the scanogram 22 of the 
patient 20 can be obtained by processing only the 
helically-scanned X-ray projection data acquired at 
the specific projection angle (0° ) in the scano data 
processing unit 6 under control of the main control- 
ler 50. 

On the other hand, if helically-scanned X-ray 
projection data acquired at another specific projec- 
tion angle "180° " indicated by a dot line of Fig. 4 
are also processed to obtain such a scano data, 
the following additional process step is required in 
the process flow shown in Fig. 4. That is, after the 
helically-scanned projection data acquired at two 
specific projection angles of 0° and 180° are read 
out at the step ST-10 and processed by the curved 
plane/plane transformation at the step ST-12, only 
the processed projection data acquired at the spe- 
cific projection angle 180° are rearranged at a step 
ST-13. This is because the positional relationship 
of the detector channel is completely opposite to 
each other with respect to the projection angles 0° 
and 1 80 6 . 

The above-described scanogram formation will 
now be pictorially explained with reference to Fig. 
5. Fig. 5 represents a so-called "sinogram" 25 
constructed of a plurality of projection data "D1", 
"D2", ... "D5". A desirable scanogram 22 is ob- 
tained by arranging these projection data "D1 
(angle of 0° )", "D2 (angle of 180° )", ... "D5 
(angle of 360° )" along the longitudinal direction of 
the patient 20. As previously described, it should 
be noted that since the arrangement of the projec- 
tion data D1, D3, D5 acquired at the angle of 0° 
along the detector's channel direction is completely 
reversed with respect to that of the projection data 
D2, D4 acquired at the angle of 180 6 , either 
projection data should be rearranged in order to 
obtain the desirable scanogram 22. 

Referring back to Fig. 2, the above-described 
series of helically-scanned X-ray projection data 
are preprocessed in the preprocessing unit 5, and 
thereafter are reconstructed in the image recon- 
structing unit 7 so as to produce desirable CT 
image data under control of the main controller. 
Both of this desirable CT image data and the 
above-mentioned scano data are synthesized in the 



synthesizing unit 8, so that both of a desirable CT 
image 21 and a desirable scanogram 22 are si- 
multaneously displayed on the same screen of the 
display unit 4. In this scanogram 22, a line "L x " 

5 indicates a position on the patient 20, where this 
CT image 21 has been obtained. 

In accordance with the first X-ray CT imaging 
system 100, since both of the scanogram 22 and 
the CT image 23 can be obtained at the same time 

w by performing only a single helical scanning opera- 
tion with respect to the patient 20, the entire medi- 
cal examination time during which the patient 20 
must endure can be considerably reduced, as 
compared with that of the conventional X-ray CT 

75 imaging system. Accordingly, since such a lengthy 
and afflictive medical examination can be mitigat- 
ed, this X-ray CT imaging system 100 is suitable 
for a so-called "group diagnosis" in which X-ray 
imaging portions of patients are previuosly deter- 

20 mined and a large number of medical examination 
processes must be carried out within a limited time 
period. 

Moreover, since the scanogram 22 and the CT 
image 21 are produced from the same helically- 

25 scanned X-ray projection data, there is no posi- 
tional shift in both of these images. This implies 
that the positional precision of the CT image can 
be considerably improved, as compared with that 
of the conventional CT imaging system. 

30 As apparent from the foregoing descriptions, 

although the projection angles of the first X-ray CT 
imaging system 100 are selected to be 0° ,90° 
and 180° , any other projection angles such as 1 0 
, 1 50 ° , 292 ° may be freely selected to obtain the 

35 scanograms. 

ARRANGEMENT OF SECOND X-RAY CT IMAG- 
ING SYSTEM 

40 Referring now to Figs. 7 and 8, an arrangement 

of an X-ray CT imaging system 200 according to a 
second preferred embodiment of the present inven- 
tion will be described. 

In the arrangement shown in Fig. 7, a scano 

45 data process unit 60 is employed in the process 
unit 3 and a main controller 52 is employed. Under 
control of the main controller 52, a series of 
helically-scanned X-ray projection data are ac- 
quired by the X-ray scanner 2 at two specific 

50 projection angles of 0° and 90° . Then, one 
scanogram 26 is obtained as a top view (0° ) and 
the other scanogram 27 is obtained as a side view 
(90° ), as indicated in Fig. 10, which are produced 
in the scano data process unit 60 under control of 

55 the main controller 52. 
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OPERATION OF SECOND X-RAY CT IMAGING 
SYSTEM 

Referring now to a flow chart of Fig. 9, an 
overall operation of the second X-ray CT imaging 
system 200 will be described. Similarly, acquisition 
timings (projection angles) of the helically-scanned 
X-ray projection data and projection data process 
operations are represented at a lefthand portion of 
Fig. 9, whereas an operation flow of the second CT 
imaging system 200 is indicated at a righthand 
portion of Fig. 9. 

As apparent from the lefthand portion of Fig. 9, 
both of the scanogram production and the CT 
image reconstruction are simultaneously performed 
at the respective specific projection angles of 0° 
and 90° , whereas only the CT image reconstruc- 
tion is carried out at any projection angles other 
than the specific projection angles. 

At a first step ST-20, a series of helically- 
scanned X-ray projection data are acquired by the 
X-ray scanner 2 under control of the main control- 
ler 52, and then are preprocessed in the 
preprocess unit 5 under control of the main control- 
ler 52. At the subsequent step ST-21, a check is 
made as to whether or not the helically-scanned 
projection data has been acquired at the first spe- 
cific projection angle of 0° .If YES, then the 
process operation is advanced to a step ST-22 at 
which the scano data process for the top view 26 
(see Fig. 10) is performed in the scano data pro- 
cess unit 60 with respect to the helically-scanned 
projection data acquired at the angle of 0° . 

To the contrary, if the helically-scanned projec- 
tion data does not correspond to the projection 
data acquired at the first specific projection angle 
of 0° at the previous step ST-21, then the process 
operation is jumped to a further step ST-23. At this 
step ST-23, another check is made as to whether 
or not this helically-scanned projection data has 
been acquired at the second specific projection 
angle of 90 0 . If YES, then the process operation is 
advanced to the next step ST-24 at which the 
scano data process for the side view 27 (see Fig. 
10) is executed in the scano data process unit 60 
under control of the main controller 52. 

Conversely, if the helically-scanned projection 
data has not been acquired at the second specific 
projection angle of 90° at the previous step ST-23, 
then the process operation is jumped to a further 
step ST-25. At this step ST-25, the CT image 
reconstruction process is carried out with respect 
to the projection data in the image reconstruction 
unit 7 under control of the main controller 52. 
Thereafter, the above-described process operation 
is repeated from the first step ST-20. The resultant 
CT image 23 produced at the step ST-25 may be 
displayed in combination with both of the top- 



viewed scanogram 26 and the side-viewed scanog- 
ram 27, as represented in Fig. 10, if required. 

It should be noted that all of the helically- 
scanned X-ray projection data acquired at both of 

5 the first and second specific projection angles of 
0° and 90° , are similarly processed in the image 
reconstruction unit 7 to obtain CT images acquired 
at these specific projection angles. 

In accordance with the above-described sec- 

w ond X-ray CT imaging system 200, since both of 
the top-viewed scanogram 26 and the side-viewed 
scanogram 27 can be obtained at the same time, 
such a multiple image display can be realized in, 
for instance, a 1024-metrix display unit 40, as re- 

15 presented in Fig. 10. 

ARRANGEMENT OF THIRD X-RAY CT IMAGING 
SYSTEM 

20 In Fig. 1 1 , there is shown an arrangement of an 

X-ray CT imaging system 300 according to a third 
preferred embodiment of the present invention. 

A major feature of this third X-ray CT imaging 
system 300 is such that a scano data process unit 

25 65 is employed in the process unit 3 and is op- 
erated in conjunction with a mode selector 80 un- 
der control of a main controller 54 to select the 
operation mode of the third X-ray CT imaging 
system 300. That is, a selection is made between 

30 only scano data process, and also a combination of 
the scano data process with the CT image re- 
construction process via the mode selector 80 by 
an operator. As shown in Figs. 12A to 12C, the 
mode selector 80 issues a mode selecting signal of 

35 Fig. 12B to the main controller 54. Then, if only the 
scano data process (scanogram formation) is se- 
lected, an X-ray projection control signal shown in 
Fig. 12A is produced from the main controller 54 
only at a preselected projection angle, e.g., 0° . 

40 Accordingly, the X-ray tube 10 of Fig. 11 is en- 
ergized in response to this X-ray projection control 
signal, so that X-ray beams are projected therefrom 
only at the preselected projection angle of 0° . 
Thus, there is a merit that the patient 20 receives 

45 only a limited quantity of X-ray dose during this 
operation mode. In other words, although both of 
the X-ray tube 10 and the X-ray detector unit 12 
are helically scanned around the patient 20, the X- 
ray beams are intermittently projected from the X- 

50 ray tube 10 during the helical scanning operation at 
the preselected projection angle, which does not 
correspond to the normal helical scanning opera- 
tion (will be referred to a "partial X-ray projection"). 
To the contrary, if the operator selects the 

55 combination process (namely, the scano data pro- 
cess and the CT image reconstruction process) by 
the mode selector 80, another mode selecting sig- 
nal is issued from the main controller 54. Then, the 
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above-described normal helical scanning operation 
is carried out (will be referred to a "circumferential 
X-ray projection "), so that while the scanogram 
data is produced in the scano data process unit 65, 
the X-ray CT image is reconstructed in the image 
reconstruction unit 7. 

OPERATION OF THIRD X-RAY CT IMAGING SYS- 
TEM 



Fig. 13 represents a flow chart of overall opera- 
tion by the third X-ray CT imaging system 300 of 
Fig. 11. 

At a first step ST-30, a check is done as to 
whether or not the X-ray imaging operation is com- 
pleted. If NO, then the process operation is ad- 
vanced to the next step ST-31 at which mode 
sampling is performed. Then, another check is 
made as to whether or not only the scano data 
process is selected. If NO, then the process opera- 
tion is advanced to the subsequent step ST-33. At 
this step ST-33, since the combination process of 
the scano data and the CT image reconstruction is 
selected by the operator via the mode selector 80, 
the above-described normal helically-scanned X- 
ray projection data are acquired by the X-ray scan- 
ner 2 and thereafter preprocessed in the 
preprocess unit 5 under control of the main control- 
ler 54. 

Subsequently, another check is made as to 
whether or not the helically-scanned projection data 
is acquired at the specific projection angle of 0° at 
a step ST-34. If YES, then the process operation is 
advanced to the next step ST-35 at which the 
scano data process is performed by the scano data 
process unit 65 under control of the main controller 
54. To the contrary, if NO at the previous step ST- 
34, then the process operation is jumped to a step 
ST-36. Then, the X-ray CT image reconstruction 
process is performed for this helically-scanned pro- 
jection data in the image reconstruction unit 7 
under control of the main controller. After this im- 
age reconstruction process has been accomplished 
at the step ST-36, a further check is made as to 
whether or not the helically-scanned projection data 
have been acquired/processed from 0° to 360° 
(i.e., circumferential X-ray projection process). If 
NO, then the process operation is returned to the 
step ST-33, so that a series of projection data 
process operations is again carried out until the 
step ST-37. If YES, then the process operation is 
returned to the first step ST-30, because the com- 
bination process operation mode selected by the 
operator via the mode selector 80 has been com- 
pleted. Thus, the circumferential X-ray projection 
(see Fig. 14) is achieved. 

On the other hand, if the only scano data 
process mode is selected (i.e., "YES"), then the 



process operation is advanced to a new step ST- 
40. At this step ST-40, a predetermined projection 
angle, for instance, 0° in the third X-ray CT imag- 
ing system 300 is detected under control of the 

5 main controller 54. Next, under control of the main 
controller 54, the X-ray beam is projected from the 
X-ray tube 10 only at the projection angle of 0 6 at 
a step ST-42. 

As a result, only 0° -projection data are ac- 

w quired from the X-ray scanner 2 and then 
preprocessed by the preprocess unit 5 under con- 
trol of the main controller 54. Thus, the scano data 
process operation is executed only for these 0° 
-projection data in the scano data process unit 65, 

75 so that the partial X-ray projection (see Fig. 14) is 
achieved. 

In accordance with the third X-ray CT imaging 
system 300, there are the following particular ad- 
vantages. In general, a display region of a scanog- 

20 ram is relatively larger than that of a CT image on 
a display screen. Furthermore, since an operator 
observes a CT image with reference to a scanog- 
ram, it is suitable for easy observation to display 
the scanogram with a larger area than that of the 

25 CT image on a display screen. To this end, if X-ray 
beams are projected from the X-ray tube 10 to the 
patient 20 over the circumferential helical-direction, 
a total amount of X-ray dose is increased, as 
compared with that of the partial X-ray projection. 

30 Therefore, according to the third X-ray CT imaging 
system 300, the mode selector 80 manipulated by 
an operator is newly employed and can select such 
a partial X-ray projection in conjunction with the 
main controller 54 to obtain a scanogram under 

35 lower X-ray dose. Moreover, when a desirable CT 
imaging portion 70 of the patient is reached during 
the helical scanning operation by the X-ray scanner 
2 while observing a first scanogram "72F" in real 
time, an operator manipulates the mode selector 80 

40 to change the partial X-ray projection mode into the 
circumferential X-ray projection mode. After this 
circumferential X-ray projection (namely, normal 
helical scanning operation) has been accomplished 
for the desirable CT imaging portion 70, the oper- 

45 ator again manipulates the mode selector 80 to 
change the circumferential X-ray projection mode 
into the partial X-ray projection mode, so that a 
second scanogram "72R" will be produced. As a 
consequence, a total amount of X-ray dose given 

50 to the patient 20 can be considerably reduced, as 
compared with in the conventional X-ray CT imag- 
ing system. 

ARRANGEMENT/OPERATION OF FOURTH X-RAY 
55 CT IMAGING SYSTEM 

Fig. 15 represents an arrangement of an X-ray 
CT imaging system 400 according to a fourth pre- 
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ferred embodiment of the present invention. A ma- 
jor feature of the fourth X-ray CT imaging system 
400 is to employ a scanogram/CT image process- 
ing unit 90 in the process unit 3. This 
scanogram/CT image processing unit 90 is capable 
of performing a scano data process operation and 
a CT image reconstruction operation. 

When the scanogram/CT image processing 
unit 90 is operable at a high speed, the entire 
processing operation of the fourth X-ray CT imag- 
ing system 400 is executed in accordance with a 
flow chart shown in Fig. 16A. At a first step ST-50 
of this flow chart, the helically-scanned X-ray pro- 
jection data are acquired by the X-ray scanner 2 
and thereafter are preprocessed by the preprocess 
unit 5 under control of the main controller 56. 
Subsequently, a check is done as to whether or not 
the preprocessed projection data have been ac- 
quired at the specific projection angle 0° or 180° 
at a step ST-52. If YES, then the scano data 
process operation is carried out for these projection 
data acquired at the specific projection angle of 0° 
or 180° at a high speed at the next step ST-54. 
Then, the CT image reconstruction operation is 
performed based on these projection data at a step 
ST-56. A resultant CT image (not shown) recon- 
structed at this step ST-56 may be displayed on 
the display unit 4 in combination with a scanogram 
(not shown either) combined in the synthesizer unit 
8. If NO at the step ST-52, then the process 
operation is jumped to the step ST-56 at which the 
above-described CT image reconstruction process 
is performed. Then, a series of the above-de- 
scribed highspeed process operation Is repeatedly 
executed. 

To the contrary, when the scanogram/CT im- 
age processing unit 90 is operated at a low speed, 
the entire processing operation of the fourth X-ray 
CT imaging system 400 is executed in accordance 
with a flow chart shown in Fig. 16B. Since the 
process operations from the step ST-50 to the step 
ST-54 are identical to those of Fig. 16A, only 
different process operation will be explained. That 
is, after the scano data process is accomplished at 
the step ST-54, the preprocessed X-ray projection 
data are once stored into a memory (not shown in 
detail) at the next step ST-55. Thereafter, the 
stored projection data are read out from the mem- 
ory and are processed to reconstruct a CT image 
at a step ST-57. 

As previously stated, according to the fourth X- 
ray CT imaging system 400, there are such par- 
ticular advantages that the overall medical exami- 
nation time for the patient can be considerably 
shortened even if both of the scanogram and the 
X-ray CT image thereof are produced, since only 
one helical scanning operation is required. Also, a 
total amount of X-ray dose given to the patient can 



be reduced, as compared with that of the conven- 
tional X-ray CT imaging system. 

Claims 

5 

1. An X-ray CT (computerized tomographic) im- 
aging method comprising the steps of: 

scanning a biological body (20) under 
medical examination in a helical scanning 

10 mode, while relatively rotating an X-ray tube 

(10) and an X-ray detector (12) around the 
biological body (20) translated along a longitu- 
dinal axis of the biological body (20), to ac- 
quire X-ray projection image data about the 

15 helically-scanned biological body (20); 

selecting only X-ray projection image data 
acquired at a predetermined projection angle 
from the entire X-ray projection image data 
obtained at the helical-scanning step; 

20 processing said selected X-ray projection 

image data to produce a scanogram (22) of 
said helically-scanned biological body (20); 
and 

reconstructing an X-ray CT image (21) of 
25 said helically-scanned biological body (20) 

based upon said entire X-ray projection image 
data, whereby both of said scanogram (22) and 
said X-ray CT image (21) are substantially 
simultaneously displayed. 

30 

2. An X-ray CT (computerized tomographic) im- 
aging method comprising the steps of: 

scanning a biological body (20) under 
medical examination in a helical scanning 

35 mode, while relatively rotating an X-ray tube 

(10) and an X-ray detector (12) around the 
biological body (20) translated along a longitu- 
dinal axis of the biological body (20), to ac- 
quire X-ray projection image data about the 

40 helically-scanned biological body (20); 

selecting only X-ray projection image data 
acquired at first and second projection angles 
from the entire X-ray projection image data 
obtained at the helical-scanning step; 

45 processing said selected X-ray projection 

image data to produce first and second scano- 
grams (26:27) of said helically-scanned biologi- 
cal body (20); and 

reconstructing an X-ray CT image (21) of 

50 said helically-scanned biological body (20) 

based upon said entire X-ray projection image 
data; whereby both of said first and second 
scanograms (26:27) and said X-ray CT image 
(21) are substantially simultaneously displayed. 

55 

3. An X-ray CT (computerized tomographic) im- 
aging method comprising the steps of: 

scanning a first portion of a biological 



8 



15 



EP 0 531 993 A1 



16 



body (20) under medical examination in a hel- 
ical scanning mode, while relatively rotating an 
X-ray tube (10) and an X-ray detector (12) 
around the biological body (20) translated 
along a longitudinal axis of the biological body 
(20), to acquire first X-ray projection image 
data about the helically-scanned first portion of 
the biological body (20); 

partially scanning a second portion of said 
biological body (20) under medical examination 
by intermittently projecting an X-ray beam to 
the second portion of the biological body (20) 
from the X-ray tube (10), to acquire second X- 
ray projection of the biological body (20); 

processing said second X-ray projection 
image data to produce a scanogram (22) of 
said partially-scanned second portion of the 
biological body (20); and 

reconstructing an X-ray CT image (21) of 
said helically-scanned biological body (20) 
based upon said first X-ray projection image 
data, whereby both of said scanogram (22) and 
said X-ray CT image (21) are substantially 
simultaneously displayed. 

4. An X-ray CT imaging method as claimed in 
claim 1 or 3, wherein said predetermined pro- 
jection angle is selected from any of 0°, 90° 
and 180° with respect to a base line located 
within a plane perpendicular to said longitudi- 
nal axis of the biological body (20). 

5. An X-ray CT imaging method as claimed in 
claim 2, wherein said first and second projec- 
tion angles are 0° and 90° with respect to a 
base line located within a plane perpendicular 
to said longitudinal axis of the biological body 
(20), whereby a top-viewed scanogram (26) is 
obtained as said first scanogram and a side- 
viewed scanogram (27) is obtained as said 
second scanogram. 

6. An X-ray CT imaging method as claimed in 
claim 3, wherein said predetermined projection 
angle is selected from any two combined an- 
gles of 0°, 90° and 180° with respect to a 
base line located within a plane perpendicular 
to said longitudinal axis of the biological body 
(20). 

7. An X-ray CT imaging method as claimed in 
any of claims 1, 4 and 6, wherein said pro- 
cessing step includes the steps of: 

executing a curved plane/flat plane trans- 
formation with regard to said selected X-ray 
projection image data acquired at said pre- 
determined projection angle to obtain plane- 
transformed X-ray projection image data; 



executing a highpass filtering operation 
with respect to the plane-transformed X-ray 
projection image data to obtain filtered X-ray 
projection image data; and 

5 executing a density conversion with regard 

to the filtered X-ray projection image data to 
obtain density-converted X-ray projection im- 
age data, whereby said scanogram (22) is pro- 
duced based upon the density-converted X-ray 

w projection image data. 

8. An X-ray CT imaging method as claimed in 
claim 7, wherein said processing step further 
includes the step of: 

75 rearranging the plane-transformed X-ray 

projection image data when being acquired at 
a second projection angle opposite to said 
predetermined projection angle, whereby the 
rearranged X-ray projection image data ac- 

20 quired at said second projection angle cor- 

respond to the plane-transformed X-ray projec- 
tion image data acquired at said predeter- 
mined projection angle. 

25 9. An X-ray CT (computerized tomographic) im- 
aging system (100:400) comprising: 

scanning means (2) including an X-ray 
tube (10) and an X-ray detector (12), for scan- 
ning a biological body (20) under medical ex- 

30 amination in a helical scanning mode, while 

relatively rotating said X-ray tube (10) and said 
X-ray detector (12) around the biological body 
(20) translated along a longitudinal axis of the 
biological body (20), to acquire X-ray projec- 

35 tion image data about the helically-scanned 

biological body (20); 

scano data processing means (6:90) for 
selecting only X-ray projection image data ac- 
quired at a predetermined projection angle 

40 from the entire X-ray projection image data, 

and for processing said selected X-ray projec- 
tion image data to produce a scanogram (22) 
of said helically-scanned biological body (20); 
CT image reconstructing means (7) for re- 

45 constructing an X-ray CT image (21) of said 

helically-scanned biological body (20) based 
upon said entire X-ray projection image data; 
and 

display means (4) for substantially simulta- 
50 neously displaying both of said scanogram 

(22) and said X-ray CT image (21). 

10. An X-ray CT imaging system (200) comprising: 
scanning means (2) including an X-ray 
55 tube (10) and an X-ray detector (12), for scan- 

ning a biological body (20) under medical ex- 
amination in a helical scanning mode, while 
relatively rotating said X-ray tube (10) and said 
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X-ray detector (12) around the biological body 
(20) translated along a longitudinal axis of the 
biological body (20), to acquire X-ray projec- 
tion image data about the helically-scanned 
biological body (20); 

scano data processing means (60) for se- 
lecting only X-ray projection image data ac- 
quired at first and second projection angles 
from the entire X-ray projection image data 
obtained from said scanning means (2), and for 
processing said selected X-ray projection im- 
age data to produce first and second scanog- 
rams (26:27) of said helically-scanned biologi- 
cal body (20); 

CT image reconstruction means (7) for re- 
constructing an X-ray CT image (21) of said 
helically-scanned biological body (20) based 
upon said entire X-ray projection image data; 
and 

display means (40) for substantially simul- 
taneously displaying both of said first and sec- 
ond scanograms (26:27) and said X-ray CT 
image (21). 

11. An X-ray CT imaging system (300) comprising: 

scanning means (2) including an X-ray 
tube (10) and an X-ray detector (12), for scan- 
ning a first portion of a biological body (20) 
under medical examination in a helical scan- 
ning mode, while relatively rotating an X-ray 
tube (10) and an X-ray detector (12) around 
the biological body (20) translated along a lon- 
gitudinal axis of the biological body (20), to 
acquire first X-ray projection image data about 
the helically-scanned first portion of the bio- 
logical body (20), and also for partially scan- 
ning a second portion of said biological body 
(20) by intermittently projecting an X-ray beam 
of said X-ray tube (10) to the second portion of 
the biological body (20), to acquire first X-ray 
projection image data about the partially- 
scanned second portion of the biological body 
(20); 

scano data processing means (65) for pro- 
cessing said second X-ray projection image 
data to produce a scanogram (22) of said 
partially-scanned biological body (20); 

CT image reconstructing means (7) for re- 
constructing an X-ray CT image (21) of said 
helically-scanned biological body (20) based 
upon said entire X-ray projection image data; 
and 

display means (4) for substantially simulta- 
neously displaying both of said scanogram 
(22) and said X-ray CT image (21). 

12. An X-ray CT imaging system (100:300:400) as 
claimed in claim 9 or 11, wherein said pre- 



determined projection angle is selected from 
any one of 0°, 90° and 180° with respect to a 
base line located within a plane perpendicular 
to said longitudinal axis of the biological body 
5 (20). 

13. An X-ray CT imaging system (200) as claimed 
in claim 10, wherein said first and second 
projection angles are 0° and 90° with respect 

10 to a base line located within a plane per- 

pendicular to said longitudinal axis of the bio- 
logical body (20), whereby a top-viewed scano- 
gram (26) is displayed as said first scanogram 
and a side-viewed scanogram (27) is displayed 

15 as said second scanogram on said display 

means (40). 

14. An X-ray CT imaging system 
(100:200:300:400) as claimed in any of claims 

20 9, 10 and 11, wherein said scano data pro- 

cessing means (6:90) includes: 

means for executing a curved plane/flat 
plane transformation with regard to said se- 
lected X-ray projection image data acquired at 

25 said predetermined projection angle to obtain 

plane-transformed X-ray projection image data; 

means for executing a highpass filtering 
operation with respect to the plane-transformed 
X-ray projection image data to obtain filtered 

30 X-ray projection image data; and 

means for executing a density conversion 
with regard to the filtered X-ray projection im- 
age data to obtain density-converted X-ray 
projection image data, whereby said scanog- 

35 ram (22) is produced based upon the density- 

converted X-ray projection image data. 

15. An X-ray CT imaging system 
(100:200:300:400) as claimed in claim 14, 

40 wherein said scano data processing means 

(6:60:65:90) further includes: 

means for rearranging the plane-trans- 
formed X-ray projection image data when be- 
ing acquired at a second projection angle op- 

45 posite to said predetermined projection angle, 

whereby the rearranged X-ray projection image 
data acquired at said second projection angle 
correspond to the plane-transformed X-ray pro- 
jection image data acquired at said predeter- 

50 mined projection angle. 

16. An X-ray CT imaging system (100:200:400) as 
claimed in any of claims 9, 10 and 11, further 
comprising: 

55 preprocessing means (5) for preprocessing 

said X-ray projection image data obtained from 
said scanning means (2) to produce the 
preprocessed X-ray projection image data to 
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be supplied to both of said scano data pro- 
cessing means (6:90) and said CT image re- 
constructing means (7); and 

synthesizing means (8) for synthesizing 
said scanogram (22) and said X-ray CT image 5 
(21) to be substantially displayed on said dis- 
play means (4:40). 
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0°(TOP VIEW) 
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